The total syntheses of natural (ϩ)-1893B (2) and three other diastereomers 14, 18, and 21 were accomplished. Starting from the sequential metathesis product 5 prepared in turn from a 7-oxanorbornene derivative (ϩ)-4, 2 was synthesized by means of an epoxyring opening of 9a with trimethylsilylacetylide followed by Wacker-type oxidation of the resulting alkyne 10 for the construction of the g-lactone moiety. By applying the same synthetic sequence, three additional diastereomers of 2, 14, 18, and 21 were also synthesized. The biological activities of previously synthesized 1893A (1), 1893B (2), and the diastereomers of 1893B 14, 18, and 21 were investigated.
Introduction
1893A (1) and 1893B (2) were isolated in 2003 during the course of antitumor natural products searching from a marine endophytic fungus designated as No. 1893, which exists in mangroves ( Fig. 1 ) [1] . Lin and Chen reported that the extract mixture of No. 1893 appeared to exhibit cytotoxic and insecticidal activities. However, the biological activity of the pure metabolites 1 and 2 has not reported. The structure of 1 was elucidated by extensive spectroscopic studies and finally determined by X-ray crystallographic analysis. As structurally related natural product, (ϩ)-mycoepoxydiene (3) was isolated in 1999 [2, 3] . We already reported the total syntheses of 1 and 3, which were characterized by a sequential ringopening/cross/ring-closing metathesis strategy [4, 5] . Although the stereostructures of 1 and 3 were confirmed by our synthetic studies, the stereochemistry of 2 was not unambiguously established at that time. Later, we were concerned with the stereochemically defined total synthesis of 2 through the total syntheses of all four possible stereoisomers regarding the vicinal diol moiety in 2. The first total synthesis of natural (ϩ)-2 was reported as a preliminary communication [6] . Herein, we describe in detail the total syntheses of 2 and three additional diastereomers. The evaluation of their biological activities is also presented. primary alcohol in this cascade metathesis product 5 was oxidized to an aldehyde, which was then reacted with vinylmagnesium bromide, affording diastereomeric allylic alcohols 6a and 6b as an inseparable 1 : 1 mixture. To establish the stereochemistry of the diatereomers 6a and 6b, the mixture was esterified with (S)-O-acetylmandelic acid. The resulting two mandelic esters were cleanly separated by chromatography on silica-gel. After removal of the mandeloyl group from each ester, diastereomerically pure 6a and 6b were obtained. The newly introduced stereocenter of C-1 in 6b was determined as depicted using the D d values of the (S)-and (R)-mandelic esters derived from 6b in their 1 H-NMR spectra [7] . The stereochemically defined allylic alcohol 6a was subjected to the Sharpless VO(acac) 2 -catalyzed epoxidation [8] , affording epoxy alcohols 7 as a 2 : 1 diastereomeric mixture. We deduced from the Sharpless empirical rule that the major isomer was anti-epoxy alcohol unsuitable for the synthesis of 2. Thus the Mitsunobu inversion of the diastereomeric mixture 7 was carried out using pnitrobenzoic acid [9] . As expected, the anti : syn ratio turned from 2 : 1 to 1 : 2. The resulting p-nitrobenzoates were hydrolyzed to epoxy alcohols 8 as the syn-enriched form. After protection of the hydroxyl groups, syn-and anti-epoxy MOM ethers 9a and 9b were cleanly separated. The stereochemistry at C-2 of 9b was unambiguously established based on the 1 H NMR difference (D d ) of the corresponding (S)-and (R)-O-acetylmandeloyl esters prepared from 9b by regioselective hydride opening of the epoxy ring followed by esterification [7] . The opening of the epoxy ring of 9a with a two-carbon nucleophile was investigated. After several attempts, we found that lithium trimethylsilylacetylide efficiently provided the desired product 10. For an introduction of the g -lactone part, 10 was subjected to a Wacker-oxidation-like reaction using a palladium catalyst, providing the desired lactone 11. This oxidative cyclization was considered to proceed via regioselective trans-hydroxypalladations followed by [PdCl/TMS] syn-elimination [10] . After deprotection of 11 followed by acetylation, (ϩ)-1893B (2) was obtained. The spectroscopic data (IR, Furthermore, we synthesized three diastereomers of 2, i.e., 14, 18 and 21, from the stereochemically defined intermediates 6a (for 18 and 21) or 9b (for 14) via exactly the same synthetic routes used for the conversion of 6a to 2 (Scheme 2).
Biological Activities of 1893 Series
Finally, the biological activities of (ϩ)-1983 A (1) and (ϩ)-1983B (2) and the three stereoisomers 14, 18, and 21 were explored (Table 1) . Compound 1 was found to exhibit weak cytotoxicity in vitro against human chronic myelogenous leukemia K562 and human hepatocellular carcinoma HepG2 cells. However, neither compounds 2, nor diastereomers 14, 18, and 21 showed either antibacterial activities against a variety of Gram-positive and Gramnegative bacteria and cytotoxicity against the two tumor cell lines.
Experimental
Melting points are uncorrected. Specific rotations were measured in a 10 mm cell. 1 H-NMR spectra were recorded at JEOL GSX-270 (270 MHz) and 13 C NMR spectra at JEOL GSX-270 (68 Hz). All spectra were recorded in CDCl 3 . High-resolution mass spectra were measured by JEOL JMS-GCMATE spectrometer. Thin-layer chromatography (TLC) was performed with a glass plate coated with Kieselgel 60 F 254 (Merck). The crude reaction mixtures and extractive materials were purified by chromatography on silica gel Silica Gel 60 (Merck) or Wakogel C300 (Wako Pure Chemical Industries). Unless otherwise described, reactions were carried out at ambient temperature.
Combined organic extracts were dried over anhydrous Na 2 
Preparation of Diastereomeric Mixture of Allylic Alcohols 6a and 6b
The following reaction was carried out under Ar. To a cooled (0°C) stirred solution of crude aldehyde (65.5 mg, 370 m mol) in THF (1 ml), prepared from enantioenriched 5 (Ͼ95% ee) by Dess-Martin oxidation according to the previous report [5] , was added vinylmagnesium bromide (1.0 M solution in THF, 0.6 ml, 0.6 mmol). After being stirred for 10 minutes at 0°C, the solution was quenched with saturated aqueous NH 4 Cl (1 ml), diluted with saturated aqueous NH 4 Cl (10 ml), and extracted with CH 2 Cl 2 (5 mlϫ4). The combined extracts were dried and concentrated in vacuo. The residue was purified by column chromatography on silica gel (EtOAc/hexane, 1 : 4), providing 49.5 mg (70%) of the inseparable mixture of 6a and 6b as a colorless oil.
Separation of Allylic Alcohols 6a and 6b
To a cooled (0°C) stirred solution of the mixture of 6a and 6b (49.4 mg, 257 m mol) in CH 2 Cl 2 (2 ml) were added (S)-(ϩ)-O-acetylmandelic acid (200 mg, 1.03 mmol), EDCI · HCl (197 mg, 1.03 mmol), and 4-DMAP (12.6 mg, 103 m mol). The mixture was stirred for 10 minutes at 0°C, diluted with EtOAc (10 ml), and washed with 1 M aqueous HCl (5 mlϫ3), saturated aqueous NaHCO 3 (5 mlϫ3), then H 2 O (5 ml). The organic layer was dried and concentrated in vacuo. The residue was purified by column 458 Scheme 2 Syntheses of other diastereomers 14, 18 and 21.
Reagents and conditions: The same reaction conditions as described in Scheme 1 were used. 
Epoxy-ring Opening of 9a by Lithium TMS-acetylide. Preparation of 10
The following reaction was carried out under Ar. To a cooled (Ϫ78°C) stirred solution of trimethylsilylacetylene (50 m l, 0.36 mmol) in THF (1 ml) was added n-BuLi (2.67 M in hexane, 0.14 ml, 0.36 mmol). The solution was stirred at Ϫ78°C for 10 minutes and a solution of 9a (9.1 mg, 36 mmol) in THF (1.5 ml) was added. The mixture was stirred at Ϫ78°C for 10 minutes and then BF 3 ·Et 2 O (45 m l, 0.36 mmol) was added. The mixture was stirred while gradually warmed to Ϫ30°C over 5 hours. The mixture was quenched with saturated aqueous NH 4 Cl (1 ml), diluted with saturated aqueous NH 4 Cl (10 ml), and extracted with CH 2 Cl 2 (5 mlϫ3). The combined extracts were dried and concentrated in vacuo. The residue was purified by column chromatography on silica gel (EtOAc/hexane, 1 : 4) to provide 11.0 mg (99%) of 10 as a colorless oil: TLC Rf 0. 
g g-Lactone Formation. Preparation of 11
To a stirred solution of 10 (11.0 mg, 31.4 m mol) in DMF containing 1% water (1 ml) were added PdCl 2 (MeCN) 2 (16 mM solution in DMF containing 1% water, 0.1 ml, 1.6 mmol) and CuCl 2 (79 mM solution in DMF containing 1% water, 0.1 ml, 7.9 mmol). The mixture was stirred for 4 days and concentrated in vacuo. The residue was purified by column chromatography on silica gel (EtOAc/hexane, 2 : 1) to provide 6.5 mg (71%) of 11 as a colorless oil: TLC Rf 0. 
1893B (2)
Compound 11 (6.5 mg, 22 m mol) was dissolved in 2 M aqueous HCl/THF (1 : 1, v/v, 1 ml). After being stirred at 50°C for 1.5 hours, the solution was diluted with H 2 O (10 ml) and extracted with EtOAc (5 mlϫ3 
Preparation of 13
Compound 12 was converted to 13 analogously as the conversion of 10 to 11. 
Preparation of 15a and 15b
Compound 6a was converted to 15a and 15b by VO(acac) 2 
